Abstract. The existence of a positive periodic solution for
commonly known as the logistic equation with time delay r, is most frequently employed in modelling the dynamics of population of a single species, where N(t) is the population at time t, r is the growth rate of the species, and K is the carrying capacity of the habitat. The per-capita growth rate in (1.1) is a linear function of the population N (can be termed density of the population). The term [K-N(t-z)]/K denotes the feedback mechanism which takes t units of time to respond to changes in the population size. As Cunningham [3] suggested, the model (1.1) can be used to describe certain control systems. Similar equations can also be used in economic studies of business cycles. One can use such models in mathematical ecology. The effects of a periodically varying environment are important for evolutionary theory as the selective forces on systems in a fluctuating environment differ from those in a stable environment. Thus, the assumptions of periodicity of the parameters are a way of incorporating the periodicity of the environment (e.g., seasonal effects of weather, food supplies, mating habits, etc.). It has been suggested by Nicholson [7] that any periodic change of climate tends to impose its period upon oscillations of internal origin or to cause such oscillations to have a harmonic relation to periodic climatic changes. In view of this it is realistic to assume that a, b, c are periodic functions of period co and that the delay is an integral multiple of periodicity of the environment.
One can refer to Pianka [8] for a discussion of the relevance of periodic environment to evolutionary theory. Zhang and Gopalsamy [9] have also studied the periodic delay logistic equation. Recently Gopalsamy and Ladas [4] proposed a model of a single-species population exhibiting the so-called Allee effect [1] in which the per-capita growth rate is a quadratic function of the density and subject to delays. In particular, they studied the oscillatory and asymptotic behavior of the positive solution of
where a, c e (0, oo), b e R , and t e [0, oo). If a > 0, b < 0, and c = 0, then (1.2) reduces to an equation of the type (1.1). According to Gopalsamy and Ladas [4] one can interpret (1.2) as a single-species model with a quadratic per-capita growth rate and such a per-capita growth rate is the first-order nonlinear approximation of more general types of nonlinear growth rates with single humps. The purpose of this article is to consider the following model:
with an initial condition In Sec. 2 we discuss the existence of a unique positive periodic solution N*(t) of (1.3), which is globally attractive for all other positive solutions of (1.3).
2. Existence of a positive solution. First, we consider (1.3) without delay. That is, we study
In the sequel we use the following notation: We shall show that x(t) -► 0 as t -> oo. In fact, from (2.1) and (2.6) we have 
We note that b{t) -c(t)N*(t){ex{l] + 1) < b(t) -c(t)N*(t)
<b°-c0N*. It is easy to see that the unique positive solution N*(t) of (2.1) is also a positive periodic solution of (1.3). We want to find sufficient conditions for the attractive behaviour of N*(t). To that end we first estimate the upper and lower bounds of a solution of (1.3). In the following we assume that b{t) < 0. We note that if b(t) < 0 and c{t) = 0, then (1.3) reduces to a logistic equation. Finally, we derive a sufficient condition for the global attractivity of N*(t) with respect to all other positive solutions of (1.3) and (2.8).
We set G(u) = b(t)N*(t)e" -c{t)N*\t)e2". (2.14)
G\u) = b(t)N*(t)e" -2c(t)N*(t)e2" = G{x{t -mco)) -G{0). Therefore, x(t) tends to zero as (-too giving us the desired conclusion.
